Background: Skin allograft, used as a biological dressing, is usually rejected after 2 weeks. Epidermis contains immunogenic cells and its removal reduces antigenicity of allograft and delays its rejection. Materials and Methods: This proof of concept observational study was conducted in 50 patients of deep burns and posttraumatic wounds to evaluate the biological response of cadaveric glycerol-preserved dermis-only allograft. The epidermis was removed surgically, and the endpoints of healing or graft rejection were compared with historical controls of full-thickness allografts. Results: Dermis-only allograft take was seen in 82% patients at 20 days; in 34% patients at 4 weeks and in 16% patients at 8 weeks. Conclusion: Surgical removal of epidermis from cadaver allograft reduces its antigenicity and enables its longer survival.
INTRODUCTION
Autologus skin graft is the gold standard for coverage of burn injury wounds. However, if patient's own skin is not available for any reason, use of skin allograft is the best alternative as a temporary cover for the burn wounds. [1] [2] [3] [4] The use of allograft skin -as a permanent skin transplant -is limited by its immunogenic properties; which lead to its rejection around 2 weeks. This immunogenic response is directed primarily against the Langerhans cells (LC) of the epidermis and dendritic cells (DC) of the dermis. [5, 6] Medawar showed that long-term survival of allograft is possible if antigenic components of allograft are reduced by removing epidermis as it renders the remaining dermal component less immunogenic. [7] This hypothesis was investigated in the present proof of concept study by assessing the take/survival of epidermis-depleted glycerol-preserved dermis-only allograft in deep burns and posttraumatic wounds.
MATERIALS AND METHODS
This prospective "proof of concept observational" study was conducted in burn and plastic surgery unit in a tertiary referral center in Central India over a period of 1 year. Institutional Ethical Committee Approval and written/informed consent from all the patients were obtained. We certify that we have obtained all appropriate patient consent forms. In the form, the patients have given their consent for their images and other clinical information to be reported in the journal. The patients understand that their names and initials will not be published and due efforts will be made to conceal their identity, but anonymity cannot be guaranteed.
A t o t a l o f 5 0 c o n s e c u t i v e p a t i e n t s w i t h d e e p second-/third-degree thermal burn raw area and posttraumatic full thickness raw area were included in this
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study. Posttraumatic patients with compound fracture and those need flap were excluded from the study. Patients with scalds, electrical, and chemical burns were also excluded from the study. All the patients who died with malignancy, jaundice, sepsis, and poisoning were excluded as cadaveric donors.
Skin graft was harvested from cadavers within 24 h after death with usual operating room technique. First epidermis was removed by Humby's knife ensuring complete removal till glistening white dermis was exposed. And then, medium thickness (0. 012"-0. 018" or 0. 3-0. 45 mm) split thickness dermal graft was harvested. [8] The sheet of epidermis was discarded. Immediately after harvesting, the grafts were immersed in 85% glycerol solution for a period of 2 h at 4°C; then graft sheets were laid on sterile wet gauze piece and packed in presterilized polythene bags. These polythene bags were stored in deep freezer at −4°C for maximum of 3 weeks. Detailed records of all the allograft beginning from harvesting to application on recipient were kept. A blood sample was taken by femoral puncture from all the cadavers and sent for HIV, hepatitis B surface antigen, and Venereal Disease Research Laboratory. In case of positive sample, allograft from that cadaver was discarded. A small piece of allograft was sent for qualitative bacterial culture before its application and if culture was found positive, this allograft was discarded. Before applying, allograft was washed thoroughly with normal saline to remove glycerol.
All patients with deep second-/third-degree thermal burn were analyzed regarding total body surface area (TBSA) and depth of burn and treated with standard burn treatment protocol by initial resuscitation, antibiotics; wound care, and nutritional support according to the American Burn Association Practice Guidelines. [9] Burn wounds were treated with daily dressing using silver sulfadiazine cream till healthy granulation tissue appeared on the bed. Posttraumatic wounds were treated by debridement, antibiotics, and wound care by daily dressing using normal saline till healthy granulation tissue appeared on the bed.
Once the wounds get granulated glycerol treated cryopreserved dermis-only allo-graft sheet were applied under full aseptic precautions under general/regional anesthesia using standard skin grafting technique. All patients were given a combination of cephalosporin and amikacin postoperatively. The assessment of biological response of allograft was done clinically, histologically, and bacteriologically. Clinical assessment for graft take/loss was done on 5 th , 7 th , 10 th , 20 th postoperative days and up to 2 months by two independent observers (consultant plastic surgeons) by simple clinical observation and photographs was taken. Percentage of allograft take/loss, presence of infection, and duration of wound healing were noted. Complete wound healing or detachment of allograft was considered as endpoint of the study.
Punch biopsy was taken from the allograft edge on 14 th day, fixed and stained in hematoxylin and eosin and examine under microscope with ×400 magnification. Pus was sent for culture and sensitivity to detect micro-organisms on 5 th day, no quantitative culture was done.The endpoint was healing or graft rejection. The outcome was compared with historical controls.
RESULTS
A total of 50 patients (25 patients of deep second-/third-degree burn and 25 patients of posttraumatic wounds) were included in the study. The youngest patient was 8 years old and oldest was 65 years old (mean age 27.02 years). Thirty-two (64%) patients were females and 18 (36%) were males. The mean TBSA of burn was 33.65% (range 10-50%). The size of the wound ranges from 4 cm × 3 cm to 20 cm × 15 cm. Glycerol-treated cryopreserved cadaver dermis-only allografts [ Figure 1 ] were applied to the granulating wounds [ Figures 2 and 3 ] in all 50 patients. It was applied on the chest in 3 (6%) patients, back in 1 (2%) patient, abdomen in 1 (2%) patient, arm in 1 (2%) patients, forearm in 6 (12%) patients, thigh in 15 (30%) patients, leg in 9 (18%) patients, and foot in 14 (28%) patients. On 5 th postoperative day, all grafts were pale without swelling or exudates [ Figure 4 ]. On 7 th postoperative day, 46 (92%) dermal allograft turned to pink suggesting neovascularization [ Figure 5 ]. On 10 th postoperative day, dermal allograft remained pink in 44 (88%) patients. In 6 patients (12%), allograft became hard, leathery, and was rejected on 10 th day. On 20 th postoperative day, totally 9 patients (18%) had their graft rejected while in 41 (82%) patients skin graft stayed on the wound bed. At the end of 4 weeks, the grafts were healthy and stuck to bed in 17 (34%) [ Figure 6 ] patients while in 33 patients grafts were necrosed and rejected. At the end of 8 weeks in 8 (16%) patients graft was still stuck to bed while in 42 patients, graft was detached from their bed and wound was completely healed [ Table 1 ].
Histopathological evaluation on 14 th postoperative day showed infiltration of mononuclear cells and fibroblasts with raised level of collagen in all survived grafts. Angiogenesis was seen at the junction of graft and bed [ Figure 7 ]. Rejected graft showed apoptosis, foreign body giant cell reaction, and irregular collagen formation and degenerative changes in vessel wall [ Figure 8 ].
Pus culture examination on 5 th day showed bacterial growth in 18 patients (36%) while in 32 (64%) patient's pus culture was sterile. Staphylococcus and Pseudomonas were present in the majority of the cases.
DISCUSSION
Allografts and skin banks are increasingly playing a critical role in the management of burns injury. [2, [10] [11] [12] When viable allograft is transplanted on a healthy recipient, rejection of the graft occurs within 2 weeks. [1, [13] [14] [15] [16] This graft rejection is mediated by the activation of T cells which is directed primarily against the LC of epidermis and DC of dermis. The LCs and DCs are both potent antigenic and initiate the rejection by migrating from the skin graft to the draining lymph node of the recipient where they activate the T cells. [5, 17] Treatment of allograft with glycerol results in cell death; therefore, after transplantation, the migration of LC and DC cannot occur to draining lymph nodes preventing its rejection. The survival of glycerol treated allograft is longer but not permanent. There are two mechanisms which initiate rejection of dead allograft. First, the host T cells which infiltrate the graft recognize the antigenic cells which are present in allograft and initiate rejection. Second, allograft skin cells deliver immunogenic molecules after transplantation which is taken by antigen processing cells of host and initiate immune response leading to its rejection. Therefore, even the dead allograft may initiate rejection. Efforts to prevent rejection have included methods that might reduce antigen expression by controlling LC activity in the allograft skin. Treatment of the allografts with ultraviolet light irradiation, incubation of the skin in glucocorticoids and using cultured epidermal allografts -which lack LCs and DCs -have been used. [18, 19] Better understanding of immunology of skin transplantation has led to the realization that reducing the immunogenicity of allograft by removing the epidermis delays the rejection; which then takes place through indirect route mediated by macrophages. [6, 20] First attempt at removal of epidermis to reduce antigenicity of an allograft -and thereby delay its rejection -was made in 1986. [21, 22] Four methods have been described for the separation of epidermis from underlying dermis: Heating, enzymatic digestion, chemicals, and surgical separation. Heat (50°C) causes some denaturation of protein of cells. [23] Enzymatic digestion can be done with trypsin/dispase which causes detachment of the epidermis from dermis. Epidermis can be separated from the underlying dermis by treatment of the skin with chemicals such as iso-osmotic ammonium hydroxide, acetic acid (1.5%; volume per volume), or sodium thiocyanate. These solutions disturb the electrolyte equilibrium of the cells which cannot be restored even with washing with saline. [24] [25] [26] All these methods have their own limitations and are complicated, therefore, we have used surgical separation of epidermis from dermis. It is a simple and quick way of removing epidermis and lowering the immunogenic potential of the allograft. This is the first study using surgical removal of the epidermis and using dermis-only allografts in humans.
Nearly 34% patients showed allograft adherence at 4 weeks and 16% had allograft adherence at 8 weeks. Overall, the duration of dermal allograft adherence to the wound bed in our study was on average 24.8 days which is better than other studies using full thickness skin allografts [ Table 2 ]. Allografts when applied serve as a temporary cover on freshly excised/granulating wounds; as an overlay on widely expanded autografts; promote reepithelialization, provide dermal template for epidermal grafts, and improve the quality of the wound bed before autografting. [27] [28] [29] [30] [31] Extending these advantages by an additional 10-14 days is a profitable trade-off.
We have used the allograft in small wounds which can be treated by autografts, as the biological response of allograft can be assessed easily on these wounds and small wounds [6] Glycerol-preserved skin allograft
15-18 days
Khoo et al. [13] Glycerol-preserved skin allograft 5.0-13.0 days Burd et al. [14] Glycerol-preserved skin allograft
2-3 weeks
Eldad et al. [15] Cryopreserved homograft 2-19 days (average 11 days) Mat Saad et al. [16] Glycerol-preserved skin allograft 10-18 days (average 8 days)
Present study Glycerol-preserved dermal only allograft Average 24.8 days get healed completely even when allograft got rejected. Only 9 patients (18%) whose allograft rejected within 20 days required secondary surgery in the form of autografting. Our results are much better than those obtained by Peeters et al. [32] (31% patients required secondary surgery) and Brans et al. [33] (53% required secondary surgery out of 45 patients).
None of the preserved allografts showed positive bacterial culture when tested before application as preservation and storage of cadaver skin in 85% glycerol has very strong antimicrobial and virucidal effects. Our study showed absence of postoperative infection in 32 (64%) patients because glycerol served as virucidal and antibacterial agent. [34, 35] We also confirmed the clinical observation of take by histological evaluation. Dermis-only allograft finally detached from the bed when the underlying wound had reepithelialized or because of superimposed infection which accelerated the detachment. [36] CONCLUSION This proof of concept observational study shows that surgical removal of epidermis from cadaver allograft enables its long-term survival.
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